Background {#Sec1}
==========

People with cognitive impairment progressively lose cognitive functions such as memory, attention, language, and task execution without reaching levels of dementia or Alzheimer's \[[@CR1]\]. In a survey conducted in rural and urban areas of eight low middle-income countries (LMICs) the prevalence of cognitive impairment ranged from 0.8 to 4.3% \[[@CR2]\]. The most important risk factors for developing cognitive impairment can be non-modifiable, such as genetic factors, age, female sex, educational level, socioeconomic status, lack of intellectual activity \[[@CR2]\] and modifiable factors like depression, diabetes, smoking, and hypertension \[[@CR3]\].

The association between cognitive impairment and hypertension becomes important, as both are conditions that affect, directly or indirectly, the independence and quality of life of older adults \[[@CR4]\]. Hypertension has a general prevalence of 22.6% in Peru, reaching up to 26.2% in adults of 60--69 years old, and up to 36.3% in those ≥70 years old \[[@CR5]\]. Findings from longitudinal studies show that the presence of hypertension, especially poorly controlled hypertension (systolic blood pressure ≥ 140 mmHg and diastolic blood pressure ≥ 90 mmHg), increases in 2-fold the risk for development and rapid progression of cognitive impairment in 25 years of follow-up \[[@CR6]--[@CR10]\]. The pathophysiologic mechanism of this association is not well understood, although it is known that presence of hypertension is associated with subcortical lesions, white matter lesions, lacunar infarcts and cerebral microhemorrhages, all possible causes of cognitive impairment and its progression \[[@CR11]\].

The evidence of an association between hypertension and cognitive impairment in Peru and other LMICs is limited, especially in populations with a low socioeconomic status. Determining such associations would be important because could guide the screening and treatment of these conditions. A Mexican study has shown that people with a low socioeconomic status have higher incidence of cognitive impairment throughout their lives \[[@CR12]\].

Previous studies in Peru have described a great gap between diagnosis, treatment, and control of hypertension \[[@CR13]\] and reports worldwide show that the gap increases in settings with fewer resources (33% more awareness of hypertension in people with higher socioeconomic status in comparison to lower socioeconomic status) \[[@CR14]\]. Poverty leads to less access to healthcare, less awareness, and treatment of hypertension, if an association with cognitive impairment is found, is possible that the magnitude of this association would be higher in comparison to other values found in previous studies in not deprived populations. Exploring cognitive impairment and hypertension in a population living in extreme poverty will give us supplementary information about the burden of both diseases. Furthermore, it will provide us with an insight into the extent of the problem and the association of both conditions in Peru, which could be extrapolated to other LMICs with similar conditions. Given the rapid growth of the older population, which is expected to reach 2 billion by the year 2050, \[[@CR15]\] the the aim of this study was to determine the association between cognitive impairment and hypertension in an extremely poor elderly population in Peru. Additionally, we know that other social determinants are important in the development and progression of cognitive impairment, and this warrants their evaluation as predictors of cognitive impairment.

Methods {#Sec2}
=======

Study design and participants {#Sec3}
-----------------------------

We performed a secondary analysis of a public dataset from the "Encuesta de Salud y Bienestar del Adulto Mayor 2012" (Health and Welfare Survey for the Elderly 2012 -- ESBAM 2012), which collected demographic, social, and economic data from older adults \[[@CR16]\]. Data collected from ESBAM 2012 was used as the baseline of some indicators for the Peruvian social program "Pension 65". This program began on 2012 as a government initiative to provide protection for elderly population and to provide them with a financial subsidy of 125 PEN per month per person \[[@CR17]\].

To secure sample's geographical representativeness, ESBAM 2012 included urban and rural participants from 111 of 184 provinces with a total population of 4242 older adults. Inclusion criteria were: households with older adults, living in extreme poverty \[[@CR18]\] and meeting eligibility criteria for the "Pension 65" program (not having a retirement pension, severance, or widowhood by private or public entities, not having Social Health Insurance, and not being included in other social programs).

Sampling procedures {#Sec4}
-------------------

Primary sampling units (PSU) were selected independently by province and area of residence, rural or urban. For the rural area, PSU were the populated centers, and only those with more than three households were eligible for the program. For the urban area, PSUs were predefined clusters within each stratum, i.e. states or departments. On a second stage, a random sampling was performed within each PSU to recruit participants for the survey. Data collection was performed between October and November 2012 before the commencement of participation in the government's "Pension 65" program.

Evaluation and measurements {#Sec5}
---------------------------

### Cognitive impairment {#Sec6}

We defined cognitive impairment through a modified version of Mini-Mental State examination (MMSE). This instrument was modified and validated in Chile for the "Encuesta de Salud Bienestar y Envejecimiento" (Health, Welfare, and Aging survey), by the Pan American Health Organization in 1999 \[[@CR19]\]. The MMSE contains six items with a total of 19 points and a cut-off at 13 points for the moderately educated population of Chile. A score of 13 or less was considered as cognitive impairment, with a sensibility of 93.8% and a specificity of 93.9% \[[@CR19], [@CR20]\]. In Peru, the ESBAM 2012 used five out of the six items of this tool. The missing item, a question introducing 5 numbers to the participant \[[@CR1], [@CR3], [@CR5], [@CR7], [@CR9]\] and requesting the subject to repeat them in reverse order, was eliminated by the ESBAM 2012 team because of its complexity anticipating difficulties in rural areas and illiterate populations that do not know the numbers and the sequence of them. Hence, the scale with 5 items used had a maximum total of 14 points. This modified 5-item version was used previously in Mexico, in the "First Follow-up to the Evaluation of the Impact of the Program of care for Adults over 70 years old from rural areas" ("Programa 70 y más" in Spanish), but not report of the validation was found \[[@CR21]\]. This simplified 5-item tool had a cut-off of 7 points or less to define cognitive impairment.

Also, the score of the MMSE was used as count data to performed additional analysis.

Hypertension {#Sec7}
------------

Hypertension was ascertained from participant's self-report during face-to-face interviews in which the participants were asked if they had hypertension and if it was diagnosed by a health professional. For individuals with a score ≤ 7 in the modified MMSE, a caregiver reported the information on their behalf. Furthermore, we consider an additional definition of hypertension, self-reported hypertension or among those who reported not having hypertension but had a single measure of blood pressure (BP) ≥140/90 mmHg were also considered as having hypertension in additional analysis.

Other variables {#Sec8}
---------------

Additional covariates were considered, such as sex, age group (65--69, 70--80 years old), educational level (illiterate, complete/incomplete primary education, higher/technical education), self-reported depression (yes/no) and employment status (employed/unemployed). In terms of additional clinical variables, among those who reported having hypertension, participant's hypertension treatment status (treated vs untreated) was recorded and between the participants with treated hypertension, control was considered if their BP was \<140/90 mmHg (controlled vs uncontrolled).

Statistical analysis {#Sec9}
--------------------

We used chi-square tests for the bivariable analysis between cognitive impairment and hypertension, also bivariable analysis between cognitive impairment and other sociodemographic characteristics. For the multivariable analysis, we used a Poisson family distribution with log link function and robust standard error estimation to calculate crude and adjusted prevalence ratios (PR) and their respective 95% confidence intervals (95%CI), the outcome of interest was cognitive impairment and the exposure was hypertension using self-report hypertension in comparison with participants without hypertension. Also, an additional model was performed using as exposure hypertension according to blood pressure measure and in comparison with the participants with normal blood pressure measure. Variables used to adjust the models were selected using previous studies to included potential confounders available in the database \[[@CR22]\]. For all estimations, we took into account the complex nature of the sampling and used complex survey commands accordingly. In the survey design, strata defined in the sampling were departments and clusters (PSU) were villages or populated centers, thus percentages and other calculations are weighted to correct for stratification and clustering. All analyses were performed in Stata 12 for Windows (StataCorp, College Station, TX).

Ethics {#Sec10}
------

The Ministry of Development and Social Inclusion was in charge of the development of the questionnaires and assessments \[[@CR14]\]. The Peruvian National Institute of Statistic and Informatics was in charge of the data collection. The present study is a secondary analysis of the publicly available database and uses de-identified data. The Institutional Review Board of the Universidad Peruana Cayetano Heredia approved the protocol for this analysis.

Results {#Sec11}
=======

General characteristics and prevalence of cognitive impairment {#Sec12}
--------------------------------------------------------------

From the 4242 participants of the ESBAM 2012, we analyzed a total of 3842 older adults for this study. 9% of the sample was not included in the statistical analyses due to missing information. We found a cognitive impairment prevalence of 1.7% (95% CI 1.3%--2.1%) and a self-reported hypertension prevalence of 24.3% (95%CI 22.8% -- 25.8%). Among those who reported hypertension, 59.1% received treatment, and only 41% of them had BP controlled. Other characteristics of the study sample are shown in Table [1](#Tab1){ref-type="table"}.Table 1Main characteristics of the sample studiedNumberPercent^a^Age (years) 65--70184948.2 71--80199351.8Gender Female175345.6 Male208954.4Educational level None304479.2 Primary or superior79720.8Depression self report No313185 Yes55315Occupation No123232.1 Yes261067.9Area Urban151539.4 Rural232760.6Health insurance No136635.8 Yes247064.2Cognitive impairment No372198.3 Yes641.7Hypertension No290975.7 Yes93324.3Blood pressure ≥ 140/90 mmHg No252065.5 Yes132234.5^a^ weighted percentages

Association of cognitive impairment and hypertension and other characteristics of the population {#Sec13}
------------------------------------------------------------------------------------------------

We did not find an association between hypertension and cognitive impairment; the prevalence of cognitive impairment in patients without hypertension was 1.8% and 1.3% in those with hypertension (*p* = 0.335). Instead, we found an association between cognitive impairment and age (0.7% in the group between 65 and 70 years and 2.6% in the group between 71 and 80 years, *p* \< 0.001), occupation, gender, educational level and living in rural area. (Table [2](#Tab2){ref-type="table"}).Table 2Bivariate associations to cognitive deteriorationCharacteristicsCognitive impairmentn (%)^a^p^b^NoYesAge (years)\<0.001 65--701826 (99.3)12 (0.7) 71--801895 (97.4)52 (2.6)Gender\<0.001 Female1682 (97.6)43 (2.4) Male2039 (99.0)21 (1.0)Educational level0.020 None2941 (98.1)58 (1.9) Primary or superior779 (99.2)6 (0.8)Self report depression0.664 No3043 (98.5)48 (1.5) Yes529 (98.7)7 (1.3)Occupation\<0.001 No1144 (96.5)42 (0.5) Yes2577 (99.2)22 (0.8)Blood pressure ≥ 140/90 mmHg0.934 No2435 (98.3)42 (1.7) Yes1286 (98.3)22 (1.7)Area0.018 Urban1472 (97.9)49 (2.1) Rural2249 (99.0)15 (1.0)Health insurance0.363 No1330 (98.6)19 (1.4) Yes2385 (98.2)45 (1.8)Hypertension0.335 No2819 (98.2)52 (1.8) Yes902 (98.7)12 (1.3)Blood pressure ≥ 140/90 mmHg0.934 No2435 (98.3)42 (1.7) Yes1286 (98.3)22 (1.7)^a^ weighted percentages^b^ Corrected for the complex sample design

Risk factors for cognitive impairment: Hypertension and other characteristics {#Sec14}
-----------------------------------------------------------------------------

In the crude analysis, people with hypertension show similar prevalence of cognitive impairment when compared with those without hypertension (*p* = 0.337). After performing the regression analyses to adjust for confounders we did not find an association between hypertension and cognitive impairment. Analysis using cognitive impairment as a count variables are show in Additional file [1](#MOESM1){ref-type="media"}: Table S1.

Even using self-reported hypertension or BP measured ≥140/90 mmHg as exposure, no association was found. Also when we consider treated vs untreated and controlled vs uncontrolled no association was found (Additional file [1](#MOESM1){ref-type="media"}: Table S2).

Regarding other associated factors, there was evidence of an association in both the crude and adjusted models for age, occupation, and living in a rural area. However, for educational level and gender, the association with cognitive impairment was found in the crude model, but not in the adjusted model. (Table [3](#Tab3){ref-type="table"}).Table 3Factors associated to cognitive impairmentBivariate analysisMultiple regression^a^PR95% CI*p*PR95% CI*p*Age (years)\<0.001\<0.001 65--70Ref.Ref. 71--804.042.08--7.853.551.82--6.94Gender0.0010.097 FemaleRef.Ref. Male0.430.26--0.710.590.32--1.10Educational level0.0260.569 NoneRef.Ref. Primary or superior0.40.18--0.900.780.34--1.82Occupation\<0.001\<0.001 NoRef.Ref. Yes0.240.14--0.440.270.14--0.54Area0.0200.003 UrbanRef.Ref. Rural2.071.12--3.832.651.40--5.00Hypertension0.3370.177 NoRef.Ref. Yes0.720.37--1.400.640.33--1.23^a^Adjusted for all the variables

Discussion {#Sec15}
==========

Main findings {#Sec16}
-------------

Our findings show there is no association between hypertension and cognitive impairment in older adults with a low socioeconomic status from Peru. Earlier studies that looked into this topic showed controversial results with a weak association between both conditions; \[[@CR23]\] however, recent studies have shown a more consistent correlation \[[@CR6]--[@CR9]\]. The finding in our study may reflect survivor bias since the sample is a very depressed population and is possible that people with the exposure and outcome of interest are under-represented and could be underestimating the association.

Also, a recent review of the American Heart Association stated that there is consistent information that high blood pressure in midlife is associated with an altered cognitive function in the elderly. However, the association of high BP in late life and oldest old age with cognitive function is less clear. Studying this association in an extremely poor adult population should also be informative. This statement supports the needed of more consistent evidence in old population, actual information reflects differences in the cognitive domains evaluated, the difference in study design and follow-up period \[[@CR24]\].

Among the potential predictors evaluated we found that in people of rural residency and age between 71 and 80 years cognitive impairment was more prevalent in comparison with their counterparts in order of 40% to 594% more. Whereas participants that had an occupation had less prevalence of cognitive impairment between 46% and 76% in comparison to participants without occupation.

Comparison to other findings {#Sec17}
----------------------------

We found an association between living in rural areas and cognitive impairment; very similar findings were described in a study conducted in Spain, which determined 1.13 greater odds of cognitive impairment in people from rural areas in comparison to urban areas \[[@CR25]\]. There are a number of possible reasons for this association, people living in rural areas have less access to good education, and the possibility of performing intellectual activities, which have consistently been associated with a lower risk for cognitive impairment \[[@CR26]\]. Other studies have described that living in urban areas is a risk factor for cognitive impairment although they relate this to the presence of industrial solvent exposure \[[@CR27]\].

Moreover, we found an association between unemployment and cognitive impairment. There is evidence supporting the link between active lifestyles and lower risk of cognitive impairment and dementia \[[@CR28], [@CR29]\]. We did not explore the relationship between the complexity of the occupation and dementia, as this is known to be a protective factor \[[@CR30]\]. A recent study created a middle age risk score for early prediction of dementia using prospective information and found that 4 different variables related to work were associated with higher risk of dementia: working status (not working), nature of work (very monotonous), work environment (outdoors/outdoors and indoors) and physicality of work (heavy manual working). We did not include these characteristics in our analysis, but most of the population in our study performed a heavy manual working in agriculture or cattle breeding \[[@CR31]\].

In the bivariate analysis, we found a lower prevalence of cognitive impairment in male in comparison to female; however, after adjusting for confounders, the relation between these two factors was non-significant, in contrast to other studies \[[@CR25], [@CR32], [@CR33]\]. Hebert et al. obtained a similar result to ours and concluded that the higher prevalence of cognitive impairment in women was due to their longer life expectancy, which overestimated this value when compared to elderly males \[[@CR34]\].

Limitations {#Sec18}
-----------

The tool used to measure cognitive impairment is a modified version of the MMSE test, which removes the attention/concentration item. A study in Japan showed that variance of the working memory factor, which includes attention/concentration, is 3.19%, and its load factor is 0.53, which corresponds to the lower variance and lower load factor in the factorial analysis \[[@CR35]\]. It is assumed, therefore, that the measure of cognitive impairment will not be affected by the absence of the attention/concentration item in the MMSE.

The exposure used in the study was self-reported hypertension, and because in participants with cognitive impairment the information was collected from a caregiver, we could have underestimated the presence of the disease. For this reason, we did an additional analysis, using as exposure the BP measured ≥140/90 mmHg that did not found an association between cognitive impairment and hypertension.

Other potential confounders such as physical activity, obesity, smoking, and alcoholism were not available in the dataset. Not analyzing these confounders could produce a positive bias in our estimations, because these variables increase the prevalence of the exposure and the outcome.

Application of results and next steps {#Sec19}
-------------------------------------

Although our results show no association between cognitive impairment and hypertension, this is one of the first studies that evaluate the magnitude of both conditions in older adults with a low socioeconomic status. In a low-resource setting, this is relevant as many factors related to hypertension are different from urban areas and it can get worse in poverty conditions. We have also found other important factors associated with cognitive impairment that will help us target the screening of cognitive impairment in older adults in our setting. Finally, the world's population over 60 years old is growing at a faster rate than the total population all over the world, especially in the less developed regions. \[[@CR15]\]

Conclusion {#Sec20}
==========

There is no association between cognitive impairment and hypertension in older adults with a low socioeconomic status. However, those who are unemployed, and living in rural areas had a higher prevalence of cognitive impairment. The burden of the cognitive impairment in this underserved population would have great consequences at individual, social and economic levels. For these reasons, early actions during life and social support can prevent some of the most important consequences of cognitive impairment.

Additional file {#Sec21}
===============

Additional file 1:**Table S1.** Analysis using cognitive impairment as a count variable. **Table S2.** Treated vs untreated and controlled vs uncontrolled. (DOCX 21 kb)
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